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[Claim(s)] 

[Claim 1] In power line conveyance equipment equipped with a power line and two or more terminal 
machines which each other are connected through said power line, and communicate a data signal 
The transmitting part to which said terminal machine transmits the transmitted signal which 
modulated the data signal using two or more carrier frequencies, Power line conveyance equipment 
characterized by having the receiving part which receives the transmitted signal from other terminal 
machines, chooses one carrier frequency from the received received signal, and restores to said 
received signal corresponding to this carrier frequency using this carrier frequency. 
[Claim 2] A receiving part is power line conveyance equipment given in the Claim 1 clause 
characterized by a S/N ratio choosing the largest carrier frequency from received signals. 
[Claim 3] The A/D converter by which the receiving part of a terminal machine changes a received 
signal into a digital signal from an analog signal, The Fast Fourier Transform processing part which 
computes the S/N ratio of the signal from this A/D converter, The zero crossing detector circuit 
which detects the point crossing [ zero ] from commercial frequency power supply voltage, and 
outputs a zero crossing signal, Two or more carrier detector circuits which detect a carrier 
frequency from said zero crossing signal and the signal of said A/D converter, The frequency- 
selective circuit which chooses a carrier frequency from the signal of said carrier detector circuit 
based on the S/N ratio calculation result by said Fast Fourier Transform processing part, Power line 
conveyance equipment according to claim 1 or 2 characterized by having the PSK recovery circuit 
which restores to the signal of said A/D converter corresponding to this carrier frequency using the 
carrier frequency chosen in this frequency-selective circuit. 

[Claim 4] The carrier frequency generation part in which the transmitting part of a terminal machine 
forms ROM fundamental frequency was remembered to be, and two or more carrier frequencies to 
which said fundamental frequency was made into the integral multiple, The zero crossing detector 
circuit which detects the point crossing [ zero ] from commercial frequency power supply voltage, 
and outputs a zero crossing signal, At least one PSK modulation circuit which becomes irregular 
using said carrier frequency based on said zero crossing signal about a data signal, Power line 
conveyance equipment given in the Claim 1 clause characterized by having the frequency multiplex 
circuit which adds the signal of this PSK modulation circuit and performs frequency multiplexing, and 
the D/A converter which changes the signal of this frequency multiplex circuit into an analog signal 
from a digital signal. 

[Claim 5] A PSK modulation circuit is power line conveyance equipment given in the Claim 4 clause 
characterized by making it become irregular within the low noise by which a data signal cannot be 
easily superimposed on a noise. 

[Claim 6] Power line conveyance equipment given in the Claim 5 clause characterized by having 
made the block part which plurality was made to divide in the direction of a time-axis form in the 
area within a low noise, and making it become irregular in this block part. 

[Claim 7] The terminal machine which chooses the carrier frequency which received the transmitted 
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signal modulated using two or more carrier frequencies in the same data signal, and was suitable for 
reception based on the carrier frequency of a received signal which received, and restores to said 
received signal corresponding to this carrier frequency using the this chosen carrier frequency. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the power line conveyance equipment which 
performs automatic inspection-of-a-meter and Lighting Sub-Division control by communication 
which used the power line, for example. 
[0002] 

[Description of the Prior Art] Drawin g 7 is the block diagram of the conventional power line 
conveyance equipment shown in JP,S63-281 38,A, for example, and drawing 8 is a time chart which 
shows the sequence of the communication in this conventional power line conveyance equipment. 
The terminal machine which 101 minds a power line, and 102 and 103 mind a power line 101, and 
communicates data in drawing 7 , fO, f1, and f2 are predetermined periods [ in / in the carrier 
frequency used for communication between the terminal machine 102 and the terminal machine 103, 
T1, T2, T3, T4, and T5 / communication between the terminal machine 102 and 103 ]. 
[0003] Next, operation is explained. When the terminal machines 102 and 103 communicate mutually 
by making a power line 101 into a transmission line, the carrier frequency used for this 
communication is set up as two or more carrier frequencies fO, f1, and f2. The terminal machine 102 
which is a sending end chooses one frequency fO among two or more carrier frequencies fO, f1, and 
f2, and transmits a data signal using this selected carrier frequency fO (Step 1). 
[0004] If the terminal machine 103 receives this data signal, the terminal machine 103 will send a 
reply within the predetermined period T1 from a transmitting start time (Step 2). However, when 
there is no reply (Step 3), the terminal machine 103 judges that the terminal machine 102 did not 
receive a data signal. Carrier frequencies f1 other than carrier frequency fO are chosen after 
progress of the predetermined period T2 from two or more carrier frequencies fO, f1 , and f2, and the 
data signal of the same contents as the data signal transmitted at said step 3 is transmitted using 
the carrier frequency f 1 (Step 4). 

[0005] While [ next, ] there is no reply to transmission like Step 3 The data signal of the same 
contents as the data signal transmitted at said step 3 is transmitted after progress of the 
predetermined period T3 using the carrier frequency fO already chosen from two or more carrier 
frequencies fO, f1, and f2, and carrier frequencies f2 other than f1 (Step 5). If the terminal machine 
103 receives this data signal, the terminal machine 103 will send a reply within the predetermined 
period T4 from a transmitting start time (Step 6). 

[0006] The terminal machine 102 repeats transmission of a data signal like the following, choosing 
the carrier frequency which can transmit. On the other hand, the terminal machine 103 which 
became the reception side sends a reply using the carrier frequency concerned, only when it 
succeeds in reception. Thus, transmission of the data signal from the terminal machine 102 to the 
terminal machine 103 is performed. 

[0007] Moreover, in JP,S61-631 26,A, by two different carrier frequencies, a data signal is 
transmitted, a data signal is inspected by Boolean part of a receiving part, and the method of 
choosing normal data is described. 
[0008] 

[Problem to be solved by the invention] Although conventional power line conveyance equipment is 
formed as mentioned above In one conventional example, the terminal machine of a sending end 
chooses one frequency from two or more carrier frequencies in communication between terminal 
machines. When a data signal is transmitted using this carrier frequency and there is no reply from 
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the reception side into predetermined time [ choose the frequency in which transmission of an 
except is possible for the aforementioned carrier frequency, are the method which sends out a data 
signal and there is a problem that transmission of a data signal takes a long time, and ] when it is 
the conventional example of another side Since it was the method which inspects each of the data 
signal modulated by two carrier frequencies with the terminal machine by the side of reception by 
Boolean part, while time to inspect became long, there was a problem that equipment became large- 
sized. 

[0009] It aims at offering short hiding ******** conveyance equipment for the processing time of a 
data signal while this invention was made in order to cancel the above problems, and it enables 
high-speed transmission of a data signal. 
[0010] 

[Means for solving problem] (1) In power line conveyance equipment equipped with two or more 
terminal machines which the power line conveyance equipment of each other concerning this 
invention is connected through a power line and said power line, and communicate a data signal The 
transmitting part to which said terminal machine transmits the transmitted signal which modulated 
the data signal using two or more carrier frequencies, The transmitted signal from other terminal 
machines is received, one carrier frequency is chosen from the received received signal, and it has 
the receiving part which restores to said received signal corresponding to this carrier frequency 
using this carrier frequency. 

[001 1] (2) Moreover, in (1), a receiving part chooses a carrier frequency with the largest S/N ratio 
from received signals. 

[0012] (3) Moreover, the A/D converter by which the receiving part of a terminal machine changes a 
received signal into a digital signal from an analog signal in (1) or (2), The Fast Fourier Transform 
processing part which computes the S/N ratio of the signal from this A/D converter, The zero 
crossing detector circuit which detects the point crossing [ zero ] from commercial frequency 
power supply voltage, and outputs a zero crossing signal, Two or more carrier detector circuits 
which detect a carrier frequency from said zero crossing signal and the signal of said A/D 
converter, The frequency-selective circuit which chooses a carrier frequency from the signal of said 
carrier detector circuit based on the S/N ratio calculation result by said Fast Fourier Transform 
processing part, It has the PSK recovery circuit which restores to the signal of said A/D converter 
corresponding to this carrier frequency using the carrier frequency chosen in this frequency- 
selective circuit. 

[0013] (4) Moreover, ROM fundamental frequency was remembered to be in (1) as for the 
transmitting part of the terminal machine, The carrier frequency generation part which forms two or 
more carrier frequencies which made said fundamental frequency the integral multiple, The zero 
crossing detector circuit which detects the point crossing [ zero ] from commercial frequency 
power supply voltage, and outputs a zero crossing signal, At least one PSK modulation circuit which 
becomes irregular using said carrier frequency based on said zero crossing signal about a data 
signal, It has the frequency multiplex circuit which adds the signal of this PSK modulation circuit and 
performs frequency multiplexing, and the D/A converter which changes the signal of this frequency 
multiplex circuit into an analog signal from a digital signal. 

[0014] (5) Moreover, a PSK modulation circuit makes it become irregular in (4) within the low noise 
by which a data signal cannot be easily superimposed on a noise. 

[0015] (6) Moreover, make the block part which plurality was made to divide in the direction of a 
time-axis form, and make it become irregular in this block part in the area within a low noise in (5). 
[0016] (7) Moreover, receive the transmitted signal modulated using two or more carrier frequencies 
in the same data signal in a terminal machine. The carrier frequency which was suitable for 
reception based on the carrier frequency of a received signal which received is chosen, and it 
restores to said received signal corresponding to this carrier frequency using the this chosen carrier 
frequency. 
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[0017] 

[Mode for carrying out the invention] Form 1 . drawing 1 of operation is the block diagram of the 
power line conveyance equipment in the form 1 of implementation of this invention, and it is the 
terminal machine which 201 minds a power line, and 202 and 203 mind a power line 201, and 
communicates a data signal. Drawing 2 is the block diagram of the terminal machine of the power 
line conveyance equipment in the embodiment 1 of this invention. 

[0018] In a figure, 1 is modulated by a PSK (phase change abnormal conditions) method by two or 
more carrier frequencies f 1 0, f 1 1 , f 1 2, and f 1 3. The A/D converter which changes into a digital signal 
the received signal inputted from the power line 201, and the received signal 1 whose 2 is an analog 
signal, 3 is the Fast Fourier Transform processing part for calculating the S/N (signal/noise) ratio of 
two or more carrier frequencies f1 0— f 1 3 of each, which can be set to the output signal S1 of an A/D 
converter. 

[0019] A carrier detector circuit for 4, 5, 6, and 7 to detect two or more carrier frequencies f 1 0— f 1 3 
contained in the output signal S1 of A/D converter 2, A frequency-selective circuit for 8 to choose 
a carrier frequency from each output signal S3 of the carrier detector circuits 4-7, S4, S5, and S6 
based on the calculation result of the S/N ratio by the Fast Fourier Transform processing part 3, 9 
is a zero crossing detector circuit which detects the point (point that voltage crosses 0V level) 
crossing [ zero ] from commercial frequency power supply voltage, and outputs a zero crossing 
detection signal. 

[0020] 10 the output signal S1 of A/D converter 2 [ with the output signal S7 of the frequency- 
selective circuit 8, and the output signal S8 of the zero crossing detector circuit 9 ] The PSK 
recovery circuit which chooses a carrier frequency and to which it restores using the selected 
carrier frequency, and 1 1 are the recovery data signals outputted by the PSK recovery circuit 10. 
[0021] The data signal which is data before the abnormal conditions with which 12 communicates 
between the terminal machine 202 and 203, ROM which memorized fundamental frequency for 13 to 
generate a carrier frequency (read-only memory), The carrier frequency generation part which forms 
two or more carrier frequencies of the integral multiple of the fundamental frequency ROM 13 
remembered 14 to be, 15 and 16 are PSK modulation circuits which become irregular about the data 
signal 1 2 by using two or more carrier frequencies f 1 0, f1 1 , f1 2, and f 1 3 within the below-mentioned 
low noise with the output signal S8 of the zero crossing detector circuit 9. 
[0022] The frequency multiplex circuit for 17 adding the output signal S9 of a PSK modulation 
circuit and S10, and performing frequency multiplexing and 18 are the D/A converters which change 
the output signal S1 1 of the frequency multiplex circuit 17 into an analog signal from a digital signal. 
19 is the transmitted signal outputted from D/A converter 18. 

[0023] Drawing 3 is the figure showing the carrier frequency and the relation of a transmitting signal 
level of the transmitted signal 1 9 sent out from the terminal machine 202 of the sending end in the 
form 1 of implementation of this invention, and is set to this figure. It is shown that the transmitting 
signal level of the carrier frequency f 1 0, f 1 1 , f 1 2, and f 1 3 is equivalent. 

[0024] Drawin g 4 is the figure showing the transmission characteristic of the frequency in the power 
line 201 in the form 1 of implementation of this invention. Drawing 5 is the shown figure the carrier 
frequency and receiving signal level of a received signal in the terminal machine 203 by the side of 
the reception in the form 1 of implementation of this invention, and [ in this figure ] The carrier 
frequencies f1 2 and f1 3 with the sufficient (shown in drawing 4 ) transmission characteristic on a 
power line 201 show that a receiving signal level is higher than the carrier frequencies f 1 0 and f1 1, 
and to the noise level on a power line 201, a S/N ratio becomes large, so that a receiving signal 
level is high. 

[0025] Drawing 8 is the explanatory view of the contents of a signal of the terminal machine of the 
power line conveyance equipment in the form 1 of implementation of this invention, (a) is the 
explanatory view of the transmitting part signal of the terminal machines 202 and 203, and (b) is the 
explanatory view of the receiving part signal of the terminal machines 202 and 203. 
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[0026] the low noise region which is a zone where 21 cannot be easily superimposed on a noise in a 
figure by the signal a commercial power voltage waveform and near the point of the after-mentioned 
[ 22 ] crossing [ zero ], and 23 — a commercial power voltage waveform — the point that the 
voltage of 21 is the point of passing 0V crossing [ zero ], and 24 are the zero crossing signals 
generated on the basis of the point 23 crossing [ zero ]. 

[0027] It is transmitting sampling data by which 30 was assigned in the noise region 22 in (a). It is 
the block part which 30a and 30b made the reference position the standup (from L to H) of the zero 
crossing signal 24, and divided the low noise region into two forward and backward. The data signal 
12 modulated and multiplexed by the carrier frequencies f1 1 and f 1 3 is assigned to the carrier 
frequencies f 1 0 and f 1 2 and the block part 30b by the block part 30a. 

[0028] 31 — a commercial power voltage waveform — the transmitting sampling data which have 
data of the same contents as the above-mentioned transmitting sampling data 30 which assigned to 
the noise region 22 after the half-cycle of 21, and were carried out — 31a and 31b are the block 
parts which divided the transmitting sampling data 31, and the data signal 12 modulated and 
multiplexed by the carrier frequencies f1 1 and f 1 3 is assigned to the carrier frequencies f 1 0 and f 1 2 
and the block part 31b by 31a. The following transmitting sampling data 32-35 are also the same, 
and the data signal 1 2 modulated and multiplexed by two or more carrier frequencies at the block 
part is assigned for every half-cycle. 

[0029] It is receiving sampling data by which 300 was assigned in the noise region 22 in (b). It is the 
block part which 300a and 300b made the reference position the standup (from L to H) of the zero 
crossing signal 24, and was divided into two forward and backward. The data signal 12 modulated 
and multiplexed by the carrier frequencies f1 1 and f 1 3 is assigned to the carrier frequencies f 1 0 and 
f12 and the block part 300b by the block part 300a. 

[0030] 301 — a commercial power voltage waveform — the receiving sampling data which have the 
above-mentioned sampling data 30 which assigned to the noise region 22 after the half-cycle of 21, 
and were carried out, and data of the same contents — 301a and 301b are the block parts which 
divided the receiving sampling data 301, and the data signal 12 modulated and multiplexed by the 
carrier frequencies f1 1 and f 1 3 is assigned to the carrier frequencies f 1 0 and f 1 2 and the block part 
301b by 301a. The following receiving sampling data 302-305 are also the same, and the data signal 
12 modulated and multiplexed by two or more carrier frequencies at the block part is assigned for 
every half-cycle. 

[0031] 40 — the Fast Fourier Transform processing part 3, the carrier detector circuits 4-7, and 
the frequency-selective circuit 8 — and The carrier detection period for choosing the optimal 
carrier frequency from the received signal 1 by operation of the zero crossing detector circuit 9 and 
41 are the data detection periods for detecting the data signal 12 from the received signal 1 using 
the selected carrier frequency. This figure shows the example as which the carrier frequency f 1 3 
was chosen. 

[0032] Next, the procedure of operation of the power line conveyance equipment in the form 1 of 
implementation of this invention is explained using drawing 1 - drawing 8 . in the transmitting part of 
the terminal machine 202 of a sending end, two or more carrier frequencies f 1 0, f1 1 , f1 2, and f1 3 are 
generated in the carrier frequency generation part 14 based on the fundamental frequency 
generated in (1) ROM 13. 

(2) Modulate the data signal 12 with the PSK modulation circuits 15 and 16 using the carrier 
frequency f 1 0 and the carrier frequency f 1 2 in the block part 30a. 

(3) Modulate the data signal 12 with the PSK modulation circuits 15 and 16 using the carrier 
frequency f1 1 and the carrier frequency f1 3 in the block part 30b. 

[0033] (4) Modulate the data signal 12 with the PSK modulation circuits 15 and 16 after a half-cycle 
using the carrier frequencies f 1 0— f 1 3 in the block parts 31a and 31b like (2) and (3). 
(5) Add the output signals S9 and S10 modulated by the PSK modulation circuits 15 and 16 by the 
frequency multiplex circuit 17, and perform frequency multiplexing. 
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(6) Change the output signal S1 1 of the frequency multiplex circuit 17 into an analog signal from a 
digital signal by D/A converter 18, and send out the transmitted signal 19 to a power line 201. 
[0034] On the other hand in the receiving part of the terminal machine 203 by the side of reception, 
the received signal 1 which was modulated by the carrier frequencies f10-f13, and was multiplexed 
in the data signal 12 from the (1) power line 201 is inputted into a receiving part. 

(2) The received signal 1 is changed into a digital signal from an analog signal by A/D converter 2. 

(3) In the carrier detection period 40, the output signal S1 of A/D converter 2 is inputted into the 
Fast Fourier Transform processing part 3. Calculation of the S/N ratio of the carrier frequencies f 1 0 
and f 1 2 assigned in Block 300a is performed, and the carrier frequencies f 1 0 and f 1 2 are detected 
simultaneously in the carrier detector circuits 4 and 6. 

[0035] (4) Calculation of the S/N ratio of the carrier frequencies f1 1 and f1 3 assigned in Block 300b 
is performed succeedingly, and detect the carrier frequencies f1 1 and f 1 3 simultaneously in the 
carrier detector circuits 5 and 7. 

(5) The frequency-selective circuit 8 chooses and outputs a carrier frequency with a high S/N ratio 
based on the calculation result of the S/N ratio by the Fast Fourier Transform processing part 3 
from the output signals S3-S6 of the carrier detector circuits 4-7. 

(6) In the data detection period 41, using the output signal S7 which is the carrier frequency (this 
example of a figure f 1 3) which the frequency-selective circuit 8 chose, the PSK recovery circuit 10 
performs recovery processing of the output signal S1 of A/D converter 2, and acquires the recovery 
data signal 1 1 . 

[0036] In addition, although made the block part which divided the low noise region into two forward 
and backward form by making the standup (from L to H) of the zero crossing signal 24 into a 
reference position, two carrier frequencies were made to be assigned to each of the block part 
concerned and it was made to become irregular in the above-mentioned work example using two 
PSK modulation circuits May make the block part made to divide or more into two in the direction of 
a time-axis (horizontal direction of drawing 8 ) form in the low noise region 22, and two or more 
carrier frequencies are made to be assigned to each block part, and the PSK modulation circuit of 
the number corresponding to this may be arranged, and you may make it become irregular. 
[0037] Moreover, although the frequency-selective circuit 8 described the case where a S/N ratio 
chose only one largest carrier frequency, a S/N ratio may choose two or more large carrier 
frequencies, and it may take out two or more data signals. Furthermore, although the case of the 
PSK method was explained, you may make it form in the above-mentioned work example by the 
ASK (amplitude change abnormal conditions) method and the FSK (frequency change abnormal 
conditions) method which are other digital modulation methods. 

[0038] In addition, although the above-mentioned explanation described the case where a data 
signal was transmitted to the terminal machine 203 from the terminal machine 202, it is also the 
same as when transmitting a data signal to the terminal machine 202 from the terminal machine 203, 
and it is also the same as when communicating among other terminal machines (not shown) 
connected to the power line 201. Moreover, a terminal machine is good also as reception only which 
has only a receiving part. 

[0039] It can shorten processing time of a data signal while high-speed transmission of a data signal 
is possible for the power line conveyance equipment constituted as mentioned above, when the 
transmission characteristic in a power line is bad. 
[0040] 

[Effect of the Invention] (1) According to invention of Claim 1, use two or more carrier frequencies 
with the terminal machine of a sending end. After modulating the data signal which has the same 
contents, multiplex and transmit and the optimal carrier frequency is chosen out of the received 
signal received with the terminal machine by the side of reception. Since it was made for the 
received signal corresponding to this carrier frequency to get over using the selected carrier 
frequency, in a power line, a transmission characteristic can choose and use the data signal 



://dossierlipdlinpit.gojp/cgi-bin/tran_web_cgi_ejje?u=^ 9/3/2008 



JP, 2001-036592, A [FULL CONTENTS] 



Page 7 of 10 



modulated by the good carrier frequency out of two or more carrier frequencies. As a result, while 
high-speed transmission of data is possible, it is possible to shorten processing time of a data 
signal. 

[0041] (2) Since according to invention of Claim 2 a carrier frequency with largest S/N is chosen 
and the received signal corresponding to this carrier frequency restored to it using the selected 
carrier frequency, the optimal data signal can be chosen. 

[0042] (3) According to Claim 3 and invention of 4, composition is simple, and since a signal can be 
processed by software, it can miniaturize equipment. 

[0043] (4) Since it was made to become irregular within a low noise about a data signal according to 
invention of Claim 5, the transmission of a data signal which cannot receive influence by a noise 
easily is possible. 

[0044] (5) According to invention of Claim 6, two or more block parts are made to form, and since it 
was made to modulate a data signal using two or more carrier frequencies in that each part of a 
block, many data signals can be transmitted in a short time. 

[0045] (6) According to invention of Claim 7, two or more carrier frequencies modulate the same 
data signal, and the optimal data signal can be taken out from the multiplexed received signal. 



[Brief Description of the Drawings] 

[Drawin g 1] It is the block diagram of the power line conveyance equipment in the form 1 of 
implementation of this invention. 

[Drawin g 2] It is the block diagram of the terminal machine of the power line conveyance equipment 
in the form 1 of implementation of this invention. 

[Drawing 3] It is the figure showing the carrier frequency and the relation of a transmitting signal 
level of the transmitted signal sent out from the terminal machine of the sending end in the form 1 
of implementation of this invention. 

[Drawing 4] It is the figure showing the transmission characteristic of the frequency on the power 
line in the form 1 of implementation of this invention. 

[Drawing 5] It is the figure showing the carrier frequency and receiving signal level of a received 

signal by the side of the reception in the form 1 of implementation of this invention. 

[Drawing 6] It is the explanatory view of the contents of a signal of the terminal machine of the 

power line conveyance equipment in the form 1 of implementation of this invention. 

[Drawing 7] It is the block diagram of conventional power line conveyance equipment. 

[Drawing 8] It is the time chart which shows the sequence of the communication in conventional 

power line conveyance equipment. 

[Explanations of letters or numerals] 

1 Received Signal, 2 A/D Converter 3 Fast Fourier Transform Processing Part, 4, 5, 6, 7 Carrier 
detector circuit 8 Frequency-selective circuit, 9 Zero Crossing Detector Circuit 10 PSK Recovery 
Circuit, 11 Recovery Data Signal, 12 Data Signal 13 ROM 14 Carrier Frequency Generation Part, 15, 
16 PSK Modulation Circuit, 17 Frequency Multiplex Circuit, 18 D/A Converter, 19 Transmitted 
Signal, 21 Commercial Frequency Power-Supply-Voltage Waveform, 22 Low Noise Region, 23 Point 
Crossing [ Zero ] 24 Zero Crossing Signal, 30, 31, 32, 33, 34, 35 Transmitting sampling data, 30a, 
30b, 31a, 31b, 32a, 32b, 33a, 33b, 34a, 34b, 35a, 35b, 300a, 300b, 301a, 301b, 302a, 302b, 303a, 303b, 
304a, 304b, 305a, 305b A block part, 39 Carrier detection period, 40 Data Detection Period, 200 
Power Line Conveyance Equipment 201 Power Line 202, 203 Terminal Machine, 300, 301= 302, 303, 
304, 305 Receiving sampling data, f1 0, f1 1 , f 1 2, f1 3 Carrier frequency. 
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[Translation done.] 
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